IN this paper I shall try to interpret diabetic neuropathy in terms of disturbed function.
What are the facts that we have to explain? First, I think there is no doubt that in most cases we are dealing with a lesion of the peripheral nerves: all the physical signs point that way, and Woltman and Wilder (1929) found that any lesions in the central nervous system were too slight and inconstant to account for the signs. On the other hand, they, Martin (1953b) and Fagerberg (1959) have found degenerative changes and disappearance of axons and myelin sheaths in the peripheral nerves. Our question then resolves itself into the problems: which nerves are affected, where, and by what agent? As Dr. Garland has shown, the clinical manifestations in diabetic neuropathy show that every kind of peripheral nerve may lose its function-motor, sensory and autonomic. But in general the early and predominant involvement is of autonomic and sensory nerves. I have been unable to find detailed accounts of the order of loss of the various kinds of sensation in diabetes. Most accounts indicate that touch and pain are lost more or less equally and contemporaneously, though perhaps not so early as the tendon reflexes. Vibration sense and sense of position seem to be lost later, although there are few really detailed accounts (Martin, 1953a; Rundles, 1945) ; temperature sense is rarely mentioned in case reports or papers. Martin found that the histamine "flare", which Lewis (1927) showed to be an arteriolar dilatation mediated through an axon reflex of the posterior root system, is also reduced in diabetes. Bariny and Cooper (1957) found that the flare was lost or reduced in much the same distribution as the loss of sweating.
Workers in my department have been more, concerned with the nature of the lesion of the autonomic nerves. Though lesions of these nerves were postulated in 1890, their modern investigation starts with Rundles, who in 1945 reviewed 125 cases of diabetic neuropathy, 35 investigated personally. He noted disturbances of gastrointestinal tract, e.g. diarrham, and of the genito-urinary tract, e.g. retention of urine and impotence, in association with vasomotor and sudomotor disturbances and occasionally with failure of postural maintenance of arterial pressure; all of which he attributed to disturbances of the autonomic system. Martin (1953b) extended Rundles' observations. He demon-strated that in patients with diabetic neuropathy, reflex vasoconstriction to cold and reflex vasodilatation to heat occurred normally in the upper, but were absent in the lower, limbs. This absence was not due to vascular occlusion since tolazoline produced a normal vasodilator response in the feet. These observations were confirmed by Snell (1959) . Barany and Cooper (1957) investigated in some detail the disturbance of sweating in 9 diabetics. Loss or impairment of sweating was most pronounced at the extremities of the limbs. In the areas of disturbance, faradic stimulation of the skin produced either no, or a reduced area of sweating and of goose skin. Since Lewis and Landis (1930) had shown that the v spread of the pilomotor and sudomotor response of the skin to faradism is dependent on the integrity of the postganglionic symnpathetic fibres, we may conclude that the lesion of, the sympathetic nerves is in the postganglionic fibres. Barany and Cooper (1956, 1957) also demonstrated a reduction in the areas of sweating and goose skin produced by introducing acetylcholine into the skin, which indicates a similar lesion, as did their finding that goose skin induced by iontophoresis of noradrenaline was prolonged. While there is insufficient evidence to admit of a general statement, there is no doubt that in some patients, e.g. Case I of Keen (1959) , the sympathetic disturbance is much more extensive than that of sensation.
In 1931 Lewis, Rothschild and I investigated the paralysis developing in the upper limb in response to ischemia. We found touch and sense of position were lost early and that temperature and pain and pilomotor activity were maintained longer. Motor loss occurred -early. -We suggested that this differential paralysis was due to the earlier involvement of the large, fast conducting fibres as described in experiments on the nerves of the cat by Gasser and Erlanger (1929) . These observations were extended and confirmed by Lewis and Pochin (1937, 1938) , who noted that defects of touch, cold sense, warm sense and fast-conducted pain begin almost simultaneously. They noted the curious association of hypoiesthesia and hyperalgesia, which is also a common finding in diabetic and other neuropathies. And they noted some inconsistencies between their findings and the theory relating them solely to' fibre size.
The converse of ischamia is provided by 7 Section of Neurology 143 cocaine which, as Gasser (1934) showed, paralyses the small slowly conducting fibres first and the large fibres last; pain and the vasomotor nerves are paralysed early, touch later. A somewhat intermediate position is occupied by cooling, which picks out the cold, motor and vasomotor fibres early, touch second and pain and warmth last (Bickford, 1939) . . These patterns of differential paralysis of nerves undoubtedly represent physicochemical differences in the nerve fibres themselves, and this irrespective of whether the differential paralysis is a manifestation of fibre size, or of their frequencies and patterns of impulses, which some believe to represent the way in which different modalities are conducted (for review see Sinclair, 1955) . I am not aware of any observations on diabetic neuropathy that are sufficiently searching to enable a conclusion to be drawn as to whether the loss of function corresponds closely to any of these three patterns or is different. HoweVer, the relatively early and severe lesions in postganglionic fibres seem quite unlike the pattern found in ischmmia; and of course there is no doubt that the postganglionic fibres are small and unmyelinated.
The chief interest of diabetic neuropathy to me lies in its meaning. All observers are agreed that there is a correlation between the nervous lesions, those of the retina so recently and admirably reviewed by Ashton (1959) , and the Kimmelstiel-Wilson lesion of the kidney. While it is probable that they represent three separate manifestations of one and the same biochemical fault, we may, for the purposes of this discussion, restrict our attention to the nervous lesioin. Woltman and Wilder (1929) believed that neither glycosuria nor acidosis played a direct part; nor did infection. They therefore considered the lesions were due to atherosclerosis affecting the blood supply of the nerve trunks. While Rundles (1945) noted that neuropathy was particularly prone to develop in patients whose diabetes was poorly controlled, 56% of his patients had never had coma, acidosis or ketosis so far as could be ascertained. Fagerberg (1959) has recently shown the frequency of deposits of PAS-staining material in the arteries of the sural nerve in diabetes, and again argues the case for ischmmia. However, two arguments make this improbable. In the first place, as Martin (1953b) showed, the blood supply to the affected limb is in many cases good. In the second place, as I have shown above, the pattern of loss of function is quite unlike that of ischaemia.
I would like, therefore, to suggest that the lesion of the peripheral nerves is one of the manifestations of the basic biochemical fault that underlies a certain type of diabetes. It is not impossible that this biochemical fault is the manifestation of a single gene, though the evidence is quite inconclusive. But it seems to me possible that if we could define more accurately the biochemical fault in diabetic neuropathy, we might obtain a new approach to the nature of at least one form of diabetes. London KNOWLEDGE of the biochemical changes that accompany different forms of peripheral neuropathy is still very limited. One biochemical lesion, however, that has been shown to exist in certain types of polyneuritis is a disorder of pyruvate metabolism, and because of these limitations in our knowledge, this communication is mainly concerned with pyruvate metabolism in diabetic neuropathy.
Pyruvate Metabolism in Diabetic Neuropathy
It must be made clear, however, at the outset that although the studies which we have carried out have provided results of interest to the wider problems of diabetes mellitus, they have not as yet produced any positive evidence on which we
